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EVALUATION SUYMARY

Compound FDA 71-64, ferrous sulfate, was found to be activated to a genetically
active agent in suspension tests with mouse, rat and monkey tissues. The re-
sults indicate that the active agent is a frameshift mutagen which strongly
reverts strain TA-1537. Rat liver tissuc appeared to be the most effective
activating system. The yeast indicator organisms also appeared to respond to
ferrous sulfate although those results are questionable. No genetic activity
was observed in plate test assays.
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DATE: October 1, 1974
SPONSOR:  Food and Drug Administration, C:ntract Number 223-74-2104
SUBJECT: Muzagenic Evaluation of Compoun: FDA 71-64

. OBJECTIVE

The objective of this study was to assess the genetic activity of the test
material in microbial assays with and without the addition of mammalian
metabolic enzyme preparations.

II. MATERIALS

A. Test Material

Ferrous sulfate
Mallinckrodt WZ PV

B. Tissue Homogenates and Supernatants

The tissue homogenates and 9,000 x g supernatants were prepared from liver,
lung and testes of the following mammalian species: Mouse - ICR random bred
adult males; rat - Sprague-Dawley adult males; and primate - Macaca mulatta
adult males. ‘

C. Indicator Organisms

The indicator organisms used for all tests are described below:

* Saccharomyces cerevisiae, strain D4:- «a ade 2-2 try
a ., ade 2-1, try

5-12
5-27

. Salmonella typhimurium, strains:

TA-1535; hisG, uvrB, rfa (missense mutation)
TA-1537; hisC, uvrB, rfa ( - frameshift mutation)
TA-1538; hisD, uvrB, rfa ( + frameshift mutation)

D. Reaction Mixture

The following reaction mixture was employed in the activation tests:
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Comgonent . Final Concentration/nl

1. TPN (sodium salt) 6 uM
2. Isocitric acid 49 M
3. Tris buffer, pH 7.4 28 M
4, MgCl» 1.7 uM
5. Isocitric dehydrogenase 6.3 Units
6. Tissue homogenate or cell fraction 72 mg

Components 1-4 were combined and frozen ¢s a "core" reaction mixture to which
the other components were added just pricr to use.

E. Positive Control Compounds

Table 1 1ists chemicals for positive controls in the direct and activation
assays.

TABLE 1
POSITIVE CONTROLS USED IN DIRECT AND ACTIVATION ASSAYS

PROBABLE
a MUTAGENIC b

ASSAY CHEMICAL SOLVENT SPECIFICITY
Non-activation EthyImethane sulfonate Water or saline BPS
2-Nitrosofluorene Dimethylsulfoxide® FS
Quinacrine or Water or saline FS

Quinacrine mustard ]

Activation DimethyInitrosamine - HWater or saline BPS
2-Acetylaminofluorene - Dimethylsulfoxide® FS

@ Concentrations given in the Results Section. o ‘ -
b B8PS = base-pair substitution; FS = frameshift.
¢ Previously shown to be non-mutagenic, see Appendix.

III.  METHODS

A Toxicity

The solubility, toxicity and doses for all chemicals were determined prior to
screening.

Each chemical was tested for survival against strains TA-1537 and D4 over a
range of doses to determine the 50% survival dose. Bacteria were tested in
phosphate buffer, pH 7.4, for one hour at 37°C on a shaker. Yeasts were
tested in phosphate buffer, pH 7.4, for four hours at 30°C on & shaker. The
50% survival dose was determined from the survival curve and the 1/4 and 1/2
50% doses calculated.
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If no toxicity was obtained for a chemical with a given strain, then a
maximum dose of 5% (w/v) was used against the strain.

Unless othe-wise specified, the doses calculated for the tests in buffer
were applied to the activation tests. Tre solubility of.the test chem:cal
under treatnent conditions is stated in the Results Section.

B. Plate Tests

Only three Lacteria strains were tested in qualitative plate tests. In the
non-activation procedure, approximately 109 cells of a log phase culture of

the bacterial indicator strains were spread over the surface of a minimal
plate, and a measured amount of the test chemical was placed in the center

of the test plate. In activation tests, the test chemical was added to the
cells, and an aliquot of the mixture was spread on the surface of the test
plate. The reaction mixture (0.1 ml) plus tissue extract was then spotted

on the surface of the plate. Positive and solvent controls were included.

A1l plates were incubated at 37°C for four days and then scored. Fach compound
(Test, Positive Control and Solvent Control) was done in duplicate. The
results were scored as + or -. Concentrations of the positive control compounds
are listed in the Results Section.

C. Suspension Tests

1. Non-activation

Log-phase bacteria and stationary-phase yeast cultures of the indicator orga-
nisms were grown in complete broth, washed and resuspended in 0.9% saline to
densities of 1 x 109 cells/ml and 5 x 107 cells/ml, respectively. This con-
stituted the working stock for tests of a group of test chemicals and their
respective controls. Tests were conducted in 30 ml plastic tissue culture
flasks. Cells plus appropriate volume(s) of the test chemical were added to
the flasks to give a final volume of 2 ml. Solvent replaced the test chemical
in the negative controls. Treatment was at 20°C for four hours for yeast
tests and at 37°C for one hour for bacterial tests. A1l flasks were shaken
during treatment. Following treatment, the flasks were set in ice. Aliquots
of cells were removed, diluted in sterile saline (4°C) and plated on the
appropriate complete media. Undiluted samples from flasks containing the
bacteria were plated on minimal selective medium. Samples from a 10-1 dilution
of treated cells were plated on the selected media for enumeration of gene
conversion with strain D4. Bacterial plates were scored after incubation

for 48 hours at 37°C. The yeast plates were incubated at 30°C for 3-5 days
before scoring.

2. Activation
Bacteria and yeast cells were grown and prepared as described in the non-

activation tests except that the cell densities were increased approximately
five-fold for working stock suspensions. Measured amounts of the test and
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control chenicals plus 0.25 ml of the stoc:k cell suspension were added to a
30 ml plastic tissue homogenate. A1l flesks (bacteria and yeast) were
incubated at 37°C with shaking. The treztment times as well as the dilutions,
plating procedures and scoring of the pletes were the same as describei for
non-activation tests.

D. Preraration of Tissue Homogenates and 9,000 x g Cell Fractions

1. Mice

Male mice (sufficient to provide the necessary quantities of organs for testes,
lung and liver homogenates) were killed by cranial blow, decapitated and bled.
The three orjans were immediately dissected from the animal using aseptic
techniques aad placed in ice-cold 0.25 M sucrose buffered with Tris at pH

of 7.4. " Upoa collection of the desired quantity of organs, they were washed
twice with fresh buffered sucrose and completely homogenized with a motor-
driven homogenizing unit at 4°C. The whcle organ homogenate obtained from

this step was divided into two samples. One sample was frozen at -80°C and

the other was centrifuged for 20 minutes at 9,000 x g in a refrigerated

. centrifuge. The supernatant from the centrifuged sample was retained and

frozen at -80°C. These two frozen samples were used for the activation
studies.

2. Rats

The same procedures as described for mice was used for this mammal.

3. Primates

The liver, lungs and testes were aseptically removed from freshly killed adult
male rhesus (M. mulatta) monkeys. Each organ was cut into a number of pieces
each sufficient for one week's studies. The tissues were labeled and frozen
at -80°C until needed. Tissue homogenates and 9,000 x g supernatants were
prepared as described for mice. :

E. Data Recordiné and Reporting

Following the specified incubation periods all population plates were scored
by an automatic colony counter and the results from each plate of a set was
recorded, in ink, in bound data books. Information necessary for identification
of the specific experiment as well as the presence of any contaminant micro-
organisms was recorded with each set of plate counts. A1l minimal or other
types of selective media plates were hand scored and the results recorded
along with the respective population data. For bacteria strains the number

of colonies recorded from either the population or selective plates represents
that number in 1 ml of test suspension plated. The numbers recorded for the
yeast strain D4 represent the number in 0.5 ml of test suspension plated.
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Frequencies were mechanically calculated ind double checked. Al71 data
Presented in the Results Section of this report consists of the actual
sum of all raw data plate counts and only the frequencies are calculated
figures.
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IV, SCLUBILITY PROPERTIES OF THE TEST COMPOUND

1. NAME OR DESCRIPTION OF TEST COMPCUND: FDA 71-64
FERROUS  SULFATE

2. TEST SOLVENT AND DESCRIPTIOH OF SOLUBILITY
OF THE TEST CHEMICAL UNDERTREATMENT :
CONDITIONS: 0.067 M phosphate buffer, pH 7.4, was used as

the solvent for this compourd, and the compound was soluble
under treatment conditions in all tests.

3. OTHER COMMENTS:

Project No. 02468
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V. TOXICITY AND DOSAGE DETERMINATIONS COMPOUND FDA 71-64
D4 TA-1537
Dose No. % Concentration % Concentration
Range of concentrations of 1 1 1
the test compound used to 2 2 2
determine the 50% survival 3 3 3
level 4 4 4
5 5 5
) Dose No. % Survival % Survival

Survival Results Control 100 100

1 100 52

Test Date: 7-8-74 2 100 15

3 100 3

4 94 0

5 . 83 0

; Dose % Concentration % Concén_tration

Concentrations of the test . Plate Test - 0.50%

chemical required for % 50% Survival 2.0% 0.25%

mutagenicity tests % 50% Survival 4.0% 0.50%
Other 50% s 8.0% -
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VI. NON-ACTIVATION PLATE TESTS .

DATE: 8-30-74
TA-1535 TA-1537 TA-1538
Test Compound Concentration/plate -1 T-2 T-1  T-2 T-1 T-2
0.05 ml undi- |
PC EMS Tuted chemical | + ’ + 3 .4
QM 0.25 mg ' DO
NF i r
0.25 mg e I
sC SALINE : - - - - -
| DMSO <10% 4 . A
NOTE: PC = positive control '
SC = solvent control
T-1 = trial 1
T-2 = trial 2
EMS = ethyl methanesul fonate
QM = quinacrine mustard
NF = nitrosofluorene
DMSO = dimethyl sulfoxide
(c) = contamination present

\“~/ WU U
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NON-ACTIVATION PLATE TESTS

DATE: 8-30-74

TA-1535 TA-1537 TA-1538
Test Compound Concentration T-1 T-2 -1 T-2 O T-1 0 T-2
TC FDA 71-64 0.50% - - - - - -
NOTE: TC = test compound
T-1 = trial 1
T-2 = trial 2
Project No. 02468
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VII. ACTIVATION PLATE TESTS
SPECIES: MOUSE DATE: §-30-74
TA-1535 TA-1537 TA-1538
Test Organ Compound Concentration/plate T-1 T-2 T-1 T-2 T-1 T-2
PC Li DMNA 25 umol ] i
1 moles + + :
- - A 4
AAF 1.25 mg 3 ] + ¥
| ‘ |
Lu DMNA 25 umoles +/- 1+ | 3
AAF 1.25 mg » 7% - |- - -
; TF
T DMNA 25 umoles - |- é E
AAF 1.25 mg j 3 - |- - -
SC - DMNA 25 ymoles - - =
- AAF 1.25 mg g
- Saline - - |- ;
- DMSO <10% %i l - - 2
NOTE : PC = positive control T = testes
SC = solvent and chemical controls T-1 = trial 1
AAF = 2-acetylaminofluorene - T-2 = trial 2
DMNA = dimethylnitrosamine DMSO = dimethyl sulfoxide
Li = liver (c) = contamination present
Lu = lung
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ACTIVATION PLATE TESTS
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SPECIES: MOUSE “ DATE: g_30-74
TA-1535 TA-1537 TA-1538
Test Organ Compound Concentration - T-1 T-2 T-1 T7-2 T-1 T-2
TC Li FDA 71-64 0.50% - - - - - -
Lu FDA 71-64 0.50% - - - - - -
T FDA 71-64 0.50% - - - - -1 -
NOTE: TC = test compound !
Li = liver
Lu = lung
T - = testes
T-1 = trial 1
T-2 = trial 2
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ACTIVATION PLATE TESTS .

SPECIES: DATE: 8-30-74
TA-1535 TA-1537 TA-1538
Test Organ Compound Concentration/plate T-1 T-2 T-1 T-2 T-1 T-2
PC Li DMNA 25 umoles + ] 4 F : _3
E. ; - @%
AAF 1.25 mg + 1+ I B
Lu DMNA 25 umoles - g .éﬁ%
AAF 1.25 mg - |- - -
T DMNA 25 umo]es
AAF 1.25 mg - -
SC - DMNA 25 umoles - - 3 %
- AAF 1.25 mg - -
“ . ¢ !'_‘ -
- Saline - - - 3 3
- DMSO <10% - |-
NOTE: PC = positive control = testes
SC = solvent and chemical controls = trial |
AAF = 2-acetylaminofluorene = trial 2
DMNA = dimethylnitrosamine = dimethyl sulfoxide
"Li = liver = contamination present
Lu = lung
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ACTIVATION PLATE TESTS
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SPECIES: RAT | DATE: 8-30-74
TA-1535 TA-1537 TA-1538
Test Organ Compound Concentration T-1 T-2 T-1 T-2 -1 7-
TC Li FDA 71-64 0.50% - - - - - -
Lu FDA 71-64 0.50% -1 - - - - -
T FDA 71-64 0.50% - - - - -1 -
NOTE: TC = test compound '
Li = Tiver
Lu = lung
T - = testes
T-1 = trial 1
T-2 = trial 2
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ACTIVATION PLATE TESTS

SPECIES: MONKEY DATE: 8-30-74
TA-1535 TA-1537 TA-1538
Test Organ Compound Concentration/plate T-1 T-2 T-1 T-2 T-1 T-2
PC Li DMNA 25 umoles éi 3 : §
AAF 1.25 mg ; + + + |+
L . . - e
Lu DMNA 25 umoles +/-1 +/- 4 —é :
- A " N
AAF 1.25 mg - | - - -
T DMNA 25 umoles -1 L
i i bl ke siasindid
AAF 1.25 mg - - - -
- N r ;
SC - DMNA 25 - |- 4 3 E
umoles 1 | | o x;ﬁﬁ
- AAF 1.25m : - - |- '
- Saline - - - 'EJ : E
- DMSO <10% - - |-
NOTE : PC = positive control T = testes
SC = solvent and chemical controls T-1 = trial 1
AAF = 2-acetylaminofluorene T-2 = trial 2 .
DMNA = dimethylnitrosamine DMS0 = dimethy] sulfoxide
Li = liver (c) = contamination present
Lu = lung
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ACTIVATION PLATE TESTS
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SPECIES:  MONKEY DATE: 8-30-74
TA-1535 TA-1537 TA-1538
Test Organ Compound Concentration - T-1 T-2 T-1 T7-2 -1 7-2
TC L1 FDA 71-64 0.50% - - - - - -
Lu FDA 71-64 0.50% - - - - - -
T FDA 71-64 0.50% - - - - - -
NOTE: TC = test compound !
Li = Tliver
Lu = lung
T - = testes
T-1 = trial 1
T-2 = trial 2




VIII.  NON-ACTIVATION SUSPENSION TESTS

WITH SALMONELLA INDICATOR STRAINS:
POSITIVE AND SOLVENT CONTI:OL RESULTS

DATE: 8-16-74
, : Total his+ his+
Indicator | _ Cells{ Revertants/ Revertants;108
Test Strain  Compound  Concentration lx10 ml Survivors
PC TA-15358 © EMS . 0.05 % 10.31 2,628 254.90
TA-1537 QM 0.01 mg/ml ~ 2.79 59 21.15
TA-1538  NF 1.25 mg/ml 2.66 43 16.17
SC TA-1535 SALINE - 8.75 9 1.03
TA-1537 SALINE - 3.70 12 3.24
TA-1538  DMsQ - 5.17 9 1.74
NOTE : PC = positive control
SC = solvent control
EMS = ethyl methanesulfonate
QM = quinacrine mustard
NF = nitrosofluorene
DMSO = dimthyl sulfoxide
Project No. _02468
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ON-ACTIVATION SUSP:NSION TESTS
ITH SALMONELLA INDI;ATOR STRAINS

DATE : 8-16-74
: Total his+ his+ 8
Indicator Ce]]sé Revertants/ Revertants/10
Test Strain Compound  Concentration mlx10 m] Survivors
TC-H  TA-1535 FDA 71-64 0.50% 4.47 (51) 7 1.57
TC-L  TA-1535 FDA 71-64 0.50% 5.01 (57) 7 1.40
TC-H  TA-1537 FDA 71-64 0.50% 2.72 (74) 8 2.94
TC-L  TA-1537  FDA 71-64  0.50% .89 (78) 13 - 4.50
TC-H  TA-15:8 FDA 71-64 0.50% 2.30 (44) 8 3.48
TC-L  TA-1538  FpA 71-64  0.50% 2.00(39) s 2.50 (c)
NOTE: TC-H = test compound high dose
TC-L = test compound low dose
(c) = contamination present
( ) = percent survival
Project No. 02468
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IX. ~ ACTIVATION SUSPENSION TESTS
WITH SALMONELLA INDICATOR STRAINS:
POSITIVE AND SOLVENT CONTROL RESULTS

SPECIES: MOUSE _

DATE : 7-24-74 Strain TA-1535
Total his+ his+ 8
Cells/ Revertants/ Revertants/10
Test  Organ  Compound Concentration m1x108 ml Survivors
- PC Li DMNA 100 pmoles/ml 5.71 2,233 391.07
Lu CMNA 100 ymoles/ml 4.93 49 9.82
T DMNA 100 umoles/ml 7.25 5 0.69
SC - DHNA 100 ymoles/ml  10.55 1 1.04
] - SALINE - 5.80 11 1.90
DATE: Strain TA-1537
Total his+ his+ 8
Ce]]sé -Revertants/  Revertants/10¢
Test  Organ  Compound Concentration mlx10 ml Survivors
PC Li AAF 1.25 mg/ml 2.67 - 45 __16.85
Lu AAF 1.25 mg/ml 1.85 1 5.95
T AAF 1.25 mg/ml 2.90 16 5.52
sC - MAF 1.25 mg/ml 2.1 6 2.84
- DMSO - 1.83 11 6.01
DATE ; : Strain TA-1538
Total " his+ his+ 8
Ce]]sé Revertants/ Revertants/10
Test  Organ Compound  Concentration - mixio ml Survivors
PC Li AAF 1.25 mg/ml 2.36 53 22.46
Lu AAF 1.25 mg/ml 2.40 16 6.67
T AAF 1.25 mg/ml 2.35 10 4.26
SC - AAF 1.25 mg/ml 2.75 13 4.73
- DMSO - 2.26 (c) 6 2.65
NOTE: PC = positive control ) (c) = contamination present
SC = solvent and chemical controls
AAF = 2-acetylaminofluorene
DMNA = dimethylnitrosamine
Li = liver
Lu = lung
T = testes .
DMSO = dimethyl sulfoxide

Project No. _ 02468
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WITH SALMONELLA INDICAT)R STRAINS

SPECIES: MOUSE

DATE ; 7-24-74 Strain TA-1535
Total his+ his-+
: Cel]s/ Revertants/ Revertawts/108
Test Organ Compound Concentration mlx108 ml Survivors
TC Li  FDA 71-64 H 6.35 (109) 16 2.5
FDA 71-64 L 8.26 (142) 14 1.69
Lu FDA 71-64 H 5.93 (102) ¢ 0.84
FDA 71-64 L 5.57 (96) 9 1.61
T FDA 71-64 H 5.29 (91) 11 2.03
FDA 71-64 L 5.50 (95) 8 1.45
DATE: 7.95.74 - Strain TA-1537
TC Li FDA 71-64 H 2.73 (149) 54 19.78
FDA 71-64 L ‘ 3.12 (170) 23 7.37
Lu FDA 71-64 H™ 1.16 (63) 8 6.90
FDA 71-64 L 2.36 (129) 10 4.24
T FDA 71-64 H 3.02 (165) 17 5.63
_ FDA 71-64 L 3.73 (204) 19 5.09
DATE : 7-26-74 . Strain TA-1538
TC Li FDA 71-64 H 2.41 (107) ¢ 3.73
FDA 71-64 L 1.57 (69) 6 3.82
Lu FDA 71-64 H 2.40 (106) 8 3.33
FDA 71-64 L 1.66 (73) 6 3.61
T . FDA 71-64 H 4.12 (182) 16 3.88
FDA 71-64 L 1.38 (61) 6 4.35
NOTES: H = high dose
L = low dose
TC = test compound
Li = Tiver
Lu = Tung
T = testes
(c) = contamination present

percent survival
Project No. 02468
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AéTIVATION SUSPENSION TESTS
MWITH SALMONELLA INDICATOF STRAINS:

POSITIVE AND SOLVENT CONTFO . RESULTS

SPECIES:  RAT

: BIONETICS
Litton

DATE : 8-7-74 _ Strain TA-1535
Total his+ his+ 8
: Ceﬂs/z3 Revertants/ Revertants, 10
Test  Organ  Compound Concentration mix10 ml Survivors
- PC Li DMNA 100 ymoles/ml 6.54 4,269 652.75
Lu DMNA 100 ymoles/ml 6.46 12 18.46
T - DMNA 100 umoles/ml 9.37 3 0.32
SC - DMNA 100 ymoles/ml 5.74 11 1.92
] - SALINE - 4.17 8 1.92
DATE : 8-8-74 Strain TA-1537
Total his+ his+ 8
Cells/ Revertants/ Revertants/10°
Test  Organ  Compound Concentration mlx108 ml Survivors
PC Li AAF 1.25 mg/m 1.25 . 38 ~30.40
Lu AAF 1.25 mg/ml 6.50 33 5.08
T AAF 1.25 mg/ml 4.53 18 3.97
SC -~ AAF 1.25 mg/ml 5.62 6 1.07
- DMSO - 5.88 9 1.53
DATE: 8-9-74 Strain TA-1538
Total " his+ his+ 8
' Cells/; Revertants/ Revertants/10
Test  Organ Compound Concentration  mix108 ml Survivors
PC Li AAF 1.25 mg/ml 2.84 165 58.01
Lu AAF 1.25 mg/ml 3.95 20 5.06
T AAF 1.25 mg/ml 5.09 26 5.1
SC - AAF 1.25 ma/ml 3.88 10 2.58
- DMSO - 4.21 8 1.90
NOTE: PC = positive control ‘ (c) = contamination present
SC = solvent and chemfcal controls
AAF = 2-acetylaminofluorene
DMNA = dimethylnitrosamine
Li = liver
lLu = Tung
T = testes )
DMSO = dimethyl sulfoxide

Project No. gr44g
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ACTIVATION SUSPENSION TESTS
WITH SALMONELCA INDICATO L STRAINS

SPECIES: RAT

DATE : 8-7-7% Strain TA-1535
Total his+ his+
Cells/ Revertants/ Revertarts/108
Test Organ Compound Concentration mlx108 m] Survivors
TC Li FDA 71-64 H 3.21 (77) 8 2.40 B
- FDA 71-64 L 3.64 (87) 32 8.79
Lu FDA 71-64 H 4.35 (104) 8 1.84
FDA 71-64 L 4.31 (103) 19 4.42
T FDA 71-6, H a0 (98) 54 490
FDA_71-64 L 7.19 (172) 19 1.39
DATE: 8-8-74 - Strain TA-1537
TC Li FDA 71-64 H 0.55 (9) 25 45.45
FDA 71-64 L 6.40 (109) 52 8.13
Lu FDA 71-64 H 4.57 (78) 12 2.63
FDA 71-64 L 5.73 (97) 28 4,87
T FDA 71-64 H 7.56 (129) 10 1.32
FDA 71-64 L 5.09 (87) 25 4.91
DATE : 8-9-74 . Strain TA-1538
TC Li FDA 71-64 H 2.00 (48) 24 12.00
FDA 71-64 L 2.52 (60) 14 5.56
Lu FDA 71-64 H 2.96 (70) 14 4.73
FDA 71-64 L 2.82 (67) 12 4.26
T FDA 71-64 H 1.68 (40) 17 10.12
FDA 71-64 L 2.17 (51) 14 6.45
NOTES: |y = high dose " ( ) = percent survival
L = low dose :
TC = test compound
Li = liver
Lu = lung
T = testes
(c) = contamination present

Project No. 02468
22
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ACTIVATION SUSPENSIQON TESTS
WITH SALMONELLA INDICATOR STRAINS:
POSITIVE AND SOLVENT CONTROL RESULTS

SPECIES: Rat
DATE : 9-4-74 _ (Repeated Dose) Strain TA-1535
~ Total his+ his+ 8
CeTlsé Revertants/  Revertants/10
Test  Organ  Compound  Concentration mlx10 ml Survivors
PC Li DMNA 100 ymoles/ml 5.56 4,000 719.42
__Lu DMNA 100 umoles/ml ) B
T __DMNA 100 pmoles/ml
SC - DMNA 100 ymoles/ml
) - SALINE - 4.01 1 2.74
_DATE: 9-4-74 (Repeated Dose) Strain TA-1537
Total " his+ his+ 8
Cel]sé" Revertants/ Revertants/10
Test  Organ  Compound  Concentration mixio0 ml Survivors
PC Li AAF 1.25 mg/ml 1.25 38 30.40
Lu AAF 1.25 mg/ml
T AAF 1.25 mg/ml
SC - AAF 1.25 mg/ml 1.91 17 8.90
- DMSO - 1.75 13 7.43
DATE Strain TA-1538
Total his+ his+ 3
‘ Cells/ Revertants/ Revertants/10
Test  Organ  Compound  Concentration mlx108 ml Survivors
PC Li__ AAF 1.25 mg/ml .
Lu AAF 1.25 mg/ml
_ T AAF 1.25 mg/ml
SC - AAF 1.25 mg/ml
. - DMSO -
NOTE: PC = positive control
SC = solvent and chemical controls (c) = contamination present
AAF = 2-acetylaminofluorene
DMNA = dimethylnitrosamine
Li = liver
Lu = lung
T = testes )
DMSO = dimethyl sulfoxide
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ACTIVATION SUSPENSION TESTS

WITH SALMONELLA INDICATOR STRAINS

SPECIES: .4

DATE : 0-4-74 (Repeated DOSQ) Strain TA-1535
Total his+ his+
Cells/ Revertants/ Revertants/108
Test Organ Compound Concentraticn mlx108 ml Survivors
- TC Li FDA 71-64 H 3.99(100) 29 7.27
: A ‘
Lu H
L
T H
L
DATE: 9-4-74  (Repeated Dose) Strain TA-1537
TC Li  FDA 71-64 H 1.08 (62) 165 152.78
L
- Lu H
L
T H
L
DATE : Strain TA-1538
TC Li H
' L
Lu H
L
T H
L
NOTES: 4 = high dose ) = percent survival
L = Tow dose
TC = test compound
Li = liver
Lu = lung
T = testes
(c)= contamination present
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ACTIVATION SUSPENSION TESTS
WITH SALMONELLA INDICATOR STRAINS:
POSITIVE AND SOLVENT CONTROL_RESULTS

SPECIES:  MONKEY

DATE: 9-5-74 Strain TA-1535
Total his+ his+ 8
Cells/ Revertants/ Revertants/10
Test Organ Compound Concentration mix10 ml Survivors
PC Li DMNA 100 umoles/ml 6.49 3,117 480.28
Lu DMNA 100 ymoles/ml 6.03 19 3.15
T DMNA 100 umoles/ml 5.63 14 2.49
SC - DMNA 100 umoles/ml 6.40 23 3.59
B - SALINE - 5.11 10 1.96
DATE : 9-17-74 Strain TA-1537
Total his+ his+ 8
Cells/ .Revertants/ Revertants/10
Test Organ Compound Concentration mix10 ml Survivors
PC Li AAF 1.25 mg/ml 5.47 84 15.36
Lu KAF 1.25 mg/ml 5.64 17 3.01
i T AAF 1.25 mg/ml 4.57 19 4.6
SC - PMAF 1.25 mg/ml 5.67 40 7.05
- DMSO - 6.20 44 7.10
DATE: 9-27-74 Strain TA-1538
Total ° his+ his+ 8
‘ Cells/ Revertants/ Revertants/10
Test Organ  Compound Concentration mlx108 ml Survivors
PC Li AAF 1.25 mg/ml 6.68 305 A5, 66
Lu AAF 1.25 mg/ml 5.09 52 10.22
T AAF 1.25 mg/ml 5.15 33 6.41
SC - AAF 1.25 mg/ml 5.07 40 7.89
- DMSO - 4.72 40 8.47
NOTE: PC = positive control
SC = solvent and chemical controls (c) = contamination present
AAF = 2-acetylaminofluorene
DMNA = dimethylnitrosamine
Li = liver
Lu = lung
b . Eestei 1 sulfoxid
DMSO = dimet sulfoxide
d Project No. _02468
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ACTIVATION SUSPENSION TESTS

WITH SALMONELLA INDICATOR STRAINS

SPECIES: MONKEY
DATE : 9-5-74 Strain TA-1535
Total his+ his+
Cells/ Revertants/ Revertants/10°
Test Organ Compound Concentration mlx108 ml Survivors
e i FDA 71-64 H 4.23 (83) 4 0.95
_FDA 71-64 L 5.81 (114) 23 3.96
Lu _FDA 71-64 H 3.52 (69) 15 4.26
FDA 71-64 L 5.86 (115) 26 4.44
T FDA 71-64 H 2.72 (53) 13 4.78
FDA 71-64 5.88 (115) 26 4.42
DATE : 9-17-74 _ 7 Strain TA-1537
TC Li FDA 71-64 H 4,58 (73) 78 17.03
FDA 71-64 L 5.92 (95) 46 7.77
Lu FDA 71-64 H 2.33 (38) 62 26.61
FDA 71-64 L 5.92 (95) 24 4.05
T FDA 71-64 H 2.58 (42) 59 22.87
FDA 71-64 L 6.46 (104) 25 3.87
DATE: 9-27-74 Strain TA-1538
TC Li FDA 71-64 H 1.78 (38) 45 25.28
FDA 71-64 L 4.28 (91) 52 12.15
Lu FDA 71-64 H 1.58 (33) 23 14.56
FDA 71-64 L 4.87 (103) 51 10.47
T FDA 71-64 H 2.04 (43) 8 3.92
FDA 71-64 L 3.25 (69) 46 14.15
NOTES: H = high dose
L = low dose
TC = test compound
Li = Tliver
Lu = Tung
T = testes
(cg = contamination present
( = percent survival
Project No. 02468
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K. NON-ACTIVATION SUSPENSION TESTS
WITH_SACCHAROMYCES INDICATOR STRAIN D4

DATE: 7-20-74

Strain D4

Total Number of 7 Conyertants Per

Population  Convertantsd®  10° Survi/ors
Test  Compound  Concentration Screeneda Adet  Tpeyt  Adet Tryt
I EMS 1.0 ¢ 4.71 479 315  101.70 66.88
SC Saline - 4.39 117 14 26.65  3.19

HOTE: PC = positive control
SC = solvent control

= ethyl methapesul fonate
a = numer x 1092
b = number at 18 dilution

> m
=
o
§
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NOM-ACTIVATION

SUS?ERS

SION TESTS

WI?H ‘ﬂCC’«ROn\C[a"NdJ(A OR _STRAIN D4

DATE: 7-29-74
Strain D4
Total Number Convertants Per
Populaticn  ConvertantsP 102 Survivors
Test  Compound  Concentration Screened®  Adet  Tryt  Adet Tryt
TC  FDA 71l-64 H 4,28 (97) 98 13 22.90 3.04
FDA 71-64 L 4.30 (98) 221 73 51.40  16.98
NOTE: TC = test compound
H = high dose
L = Tow dose
a = nuiber x 10 1
b= nuber at 107" dilution
() = percent survival
Project No. or4eg
E“T”?
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X, ACTIVATION SLSPEN)1OV“1EST§
WITH SACCH APW IYCES INDICATOR STRAIN D4:
POSITIV \ND SOLVENT LUNIPCL RESULTS

SPECTES: MOUSE DATE:  7-29-74
Strain D4
Total Number of Convertants Per
Population Convertant§b 10% Survivors
Test Organ Compound Foncentratﬂon Screened®  Adet  Tryt  Ade” Try*
e Li DMNA 150 umoles/mi 2.90 237 67 81.72 23.10
Lu DiANA 150 umoles/ml 3.23 68 27 21.05 8.36
T DMNA 150 Hmolc%/m] 3.38 61 11 18.05 3.25
S - DIHA 150 woles/ml 2.89 42 13 14.53 4.50
- SALTRE - 2.75 89 6 32.36 2.18
NOTE: PC = positive control
SC = solvent and chemical controls
DMNA = dimethyInitrasemine
Li = liver
lu = jung
T = testes
a = number X 10°
b = number at 1071 dilution
(¢c) = contamination present
Project No. 02468
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FCTIVATION SUSPENSTON TESTS
WITH SACCHARDMYCES INDICATOR STRAIN D4

SPECIES: MOUSE

DATE: 7-29-74

Strain D4

Test Organ Compcund Coricentration

Total Number of

Population, Conyertants
Screened Adet Tryt

Conyertantx Per
102 Survivors
Adet Try*

TS Li ¥Da 71-64 H

3.33{121) 139

41.74 14 . 4]

FDL 7164 L

[

5.12(1856) 133

25.98 7.23

Lu FLA 71-64 H

3.17 (115) 119

15.14

FDA 71-64 L

7.0

T FDA

4.10 (149) 97 29 23.66
7L-64 H 2.93 (107) 103 26 35.15

8.87

DA TL-G4 L

4,87 (177) 101 21

20.74 4,31

NOTE : - test comdound
H = high dose

. = low dose

i = Tiver

= Tung

tastes

number x 105 .

number at 107

—
<
3

a =

percent survival

dilution
contamination present
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ACTIVATIC.N SUSFLESION TESTS
WITH SACCHAROMYCES TROICATOR STRAIN DA:
POSITIVE AND SULVENT CONTRCL RESULTS

SIECTES:  RAT

DATE

8-5-74

Strain D4

Total

Number of

Convertants ey

Population Conyertantsb 102 Survivors
Test Organ Compound Concentration Screenedd  Ade™  Tryt  Ade’ Try’
P L1 DHNA 150 wmoles/ml 2.64 124 74 50.32 23.77
Lu UMNA 150 pmoles/ml 2.73 73 10 26.74 3.59
T DMNA 150 proles/ml 2.72 85 9 31.40 3.42
5C - DMNA 150 ymoles/m! 3.29 74 13 22.52 3.96
- SALTNE - 2.66 99 10 37.22 3.76
NOTE: PC = positive control
SC = solvent and chemical controls
DMNA = dimethylnitrosamine
Li = diver
Lu = lung
T = testes
a = pumber X 10°
b = number at 1071 dilution
(c) = contamination present
Project No. 02468
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WITH S

SPECTES: RAT

H
SHC

TIVATION SUSPE{SICH

TESTS
CHAROFYCES IMDICATCR STRAIN D4

DATE: 8-5-74

Strain D4

Test Organ  Compound

Conicentration

Totel
Population
Screenedd

| Convertanis Per
D105 survivors
Adet Tryt

Number of
Convertants
Ade®  Try*

Li oA 71-064

08(11 )1

FE 764

330] (]]3)

25 20 41.95 6.71
99 26 32.8%

Lu i 7i-64 H 2.67 (108)1L2 18 39,02 6.:
TN 704 I 2.49 (94) 151 20 60. 64

FLA 7504

T

ha 7164

H 3.05 (115) 96 12  31.37 3.92
99 (112) 105 18 35.12 6.02

L 2.8

NOTE : TC = test
H = high dose
L = low dose
Li = Yiver
Lu = Tung
T = {estes

"o

number at

~— T

r’

LN,

; T

s o :;‘ E!H“"";\Ei;; ‘wrf.‘.w
S AN

TR FTS
fiior

namber x 109

compound

10"] ditution

= parcent survival
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SPECIES:  MON

ACTIVATION SUSPERSION TESTS
KITH SACCHARCHYCES THDICATOR STRAIN D4:
POSTTIVE AND SOLVENT CONTROL RESULTS

EY

DATE:

9-20-74

Strain D4

Tetal
Population

Number of

Convertantsb

Test Qrgan  Compound

PC Li D A 150 wmoles/ml 5.67 73 68 12.867 11.99
lJ;m Dﬁi}\ {gh wmnles/mi —gj&;‘ o5 21 4:%8 3.85_7
“MT bﬁ&k beO pmotes/ml a.h2 16 21(c) 3ngw 4.65 ‘

s - omw 150 wmles/ml 545 25 21 459 3.65

Concentration Screenedd

Acet

Try*

Convertants Per

f .
102 Suvvivors

Adet

Tryt

SALTHE - 5.46

15(c)

ROTE

]

PC
SC
DMNA
Li
Lu

-

it

[T B TR

jo g
nou

(c)

v
!

Praws ‘g
"

it TS s

Litton

positive control

solvent and chemical controls
dimethylnitrosamine

1iver

lung

testes

.
number x 107 .
number at 101 dilution

= contamination present
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ACTIVATION SUSPENSIOH TRSTS

WITH SACCHAROICES ThD AT R STRATI DA

SPECIES:  MONKCY ' DATE:  g9-20-74

Strain D4

Total tumber of Conyertants Per
Populeation Conyertantib 1Ui Survivors{
Test  Crgen Compound  Concentration Screencdd  fide Try Ade Try

G Li  FDA 7%-64 H 4.06 89) s 86 11.16 17,77

FDA 71-64 L 5.30(¢) (97) 30 31 5.66 5,55

Lu  FOA 71-64 H 5.60 (102) 42 59(¢) 7.50 10,54

FOA 71-64 L 5.16 (95) 37 0 7.17 -

T Fi4s 71-64 H 5.79 (160) a2 55 7.25 8.50
FOR 71-64 L 5.86(c)(107) 37 0 5.31

NOTE: TC = test compound
H = high dose
L = Tow dosw
Tiver
= fung
= testes
number x 10°
aunber at 1071 dilution
contamination present
percent survival

-~ r
e
N

[ EI SR I
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XIT.  SUMMARY OF RESULTS AND INTERPRETATION

Compound FDA 71-64, ferrous sulfate, was evaluated for genetic activity in
a series of in vitro microbial assays. The results of this evaluatior are

as follows.

A, Salmonella Test Results

1. Plate tests

At a dose of 0.5% (w/v), ferrous sulfate did not exhibit any mutagenic
activity in these assays.

2. Non-activation suspension tests
The results of these assays were negative.
3. Activation suspension tests

Results from these assays, especially with strain TA-1537 and to some extent
strain TA-1538, showed increases in reversion frequencies in certain tests.
The most consistant positive responses were gbtained with strain TA-1537, a
frameshift mutant. Fold increases in revertant over solvent control values
at the high dose level with Tiver homogeriates were 3.3, 29.7 and 3.1 for
mouse, rat and monkey respectively. Strain TA-1538 showed 6.3- and 3.0-fold
increases with rat and monkey liver homogenates respectively, at the hich
dose level (C.5%, w/v). Several other activation doses also exhibited in-
creases with TA-1537 and TA-1538 with rat and monkey homogenates, althouch

no censistant trends were evident. Strain TA-1535 was negative in all tests.
It should be noted that the larcest increases with both TA-1537 and TA-1538
were obtained with rat liver homogenates. In a repeat test with rat liver,
essentially the same results were seen. TA-1535 showed iittle or no respense
whereas a 20.6-Told increase was seen with TA-1537. Several other repeat
tests have been conducted with strain TA-1537 and all of these have been
pesitive under activation conditions and negative under non-activation condi-

tions.
B. saccharomyces Test Results
1. Non-activation suspension tests

The Tow dose results show a substantial increase in gene conversion at the
tryptophan locus with a smaller increase at the adenine locus. The high
dose, however, showed no increase which suggests that the low dose results
may be aberrant.

2. Activation suspension tests
The results of these tests also tend to support the other indications of
genetic activity associated with ferrous sulfate. Increases in gene conver-

sion at both loci were obtained in activation tests with mouse, rat and
monkey tissues.

33
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C. Conclusions

The results of this evaluation strongly suggest that ferrous sul fate possesses
some genetic activity against microbial indicator organisms when testad in
conjunctioa with metabolic activation systems. The facts that the tw> frame-
chift mutants consistantly responded in several independent tests and that the
rat tissue appeared consistantly most active provide the kinds of reproduci-
bility that lend support to this conclusion. Less convincing are the posi-
tive results with strain D4 under conditions of activation. If the data is
observed carefuily, it can be seen that many of the increases with D4 occur

in lung and testes activation tests. This is inconsistant with the Salmonella
assays and is also inconsistant with the typical activation responses which
usually show very little or no activation capacities for organs other than the
liver. The D4 results should be viewed, therefore, with these facts =n mind.

D. Additional Comments

It can be seen that the spontaneous reversion frequencies for the indicator
strains are quite variable. This was expected and has been reported in the
literature for both the Salmonella and yeast strains. Although cultures
with quite low spontaneous frequencies can be selected, we feel that ranges
of 1-5 x 10-8 for TA-1535 and 5-10 x 108 for-TA-1537 and TA-1538 are the ,
mode.

The survival ranges, although not recorded, are also quite variable renging

from over 100% to less than 50% of the control values. It is our feeling
that survival values are dependent on many factors and not only the toxicity
of the test compound as determined in the initial survival curves.

Supmitted by:

() ot Bscds Pl

David Brusick, Ph.D.
Director, Department of Genetics
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APPENDIX

SUMMARY OF TESTS EVALUATING DMSO FOR GENETIC

ACTIVITY IN SALMONELLA AND SACCHAROMYCES

m BIONETICS
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SOLLINOIg i ! I

COMPOUND DIMZTHYSULFOXIDE

A. Suspension Tests

Salmonella Reversign Saccharomyces D4 Conversion
Activation Frequencies (x 1079) Frequancies (x 10-9)
Test Species?  OrganP TA-1535 TA-1538 Ade* Try*
Non-activation
@
Control (-C) - - 0.74 0.88 32.51 - 4.34
High Dosgc - - 1.91 1.05 28.32 2.95
Low Dose - - 0.53 1.3 40.73 0.49
Activation
Control (+C) - - ~1.80 0.36 38.27 2.47
Control (-C) - - 1.43 1.04 37.12 2.64
High DoseC€ M Li 0.34 1.07 ’ 47.77 2.75
M Lu 0.59 0.58 36.29 1.39
M T 0.62 6.30 34.35 1.94
Lose Dosed M Li - 0.87 | 34.02 1.18
M Lu 0.43 3.14 42.30 1.40
M T 0.11 0.39 45.95 2.32
Note: (-C) = solvent control and (+C) = test chemical control without homogenate
2 M = mouse b Li = Tiver ¢ Bacteria = 3% d Bacteria = 1.5%
Mo = monkey Lu = Tung Yeast = 8% Veact - 2.2%
R = rat T = testes '



SOILINOIg o

B.  Plate Tests

Activation

DIMETHYSULFOXIDE

Salmoneiia Responses

Test ' Species? Organ® TA-1535 TA-1537 TA-1538
Non-activation
-]
Control (-C) - - - - -
Test compound (3%) - - - - -
Activation
Control (+C) - - - - -
Control (-C) - - - - -
Test compound (3%) .M Li - . - -
M Lu - - -
M T - - -
R L1 r - - -
: R Lu - - -
R T - - -
Mo Li - - -
Mo Lu - - -
Mo T - - -
Note: (-C) = solvent control and (+C) = chemical control withcut homogenate

a M = mouse
Mo = monkey
R = rat

b

Li
Lu
t

1

nun

Tiver
Tung

testes



